Background: previous studies with patients having cancer have shown that quality of life scores depend on the clinical stage of the disease (the more advanced the disease, the worst quality of life).
INTRODUCTION
Health related quality of life is a subjective, dynamic, and multidimensional concept that has become such an important issue in chronic diseases that it is now considered indicative of healthcare quality (1) . This adjustment seems to be related to the increasing recognition of the social implication of disease (2) and to the increased life expectancy of patients suffering from chronic diseases (3) . In patients with cancer, measuring quality of life may serve to rate the efficiency of therapeutic interventions (4, 5) .
The primary subjective component of the concept of quality of life is reflected by the seemingly contradictory results obtained when measuring quality of life in specific populations, e.g., findings that patients who were more disabled had a better quality of life, and vice versa, have led to the idea of the "disability paradox" (6, 7) . This idea has also been applied to patients with cancer because these patients reported a better quality of life than those who attended family planning counseling (8) .
Despite the recognized subjectivity of the concept, methods that claim to measure quality of life in a valid and reliable way have been developed on the basis that the process could focus more on the patient's perception than on the signs and symptoms of the disease (9) . The available measuring instruments can be grouped into two categories: instruments specific to conditions, which measure quality of life in a global way, regardless of the type of cancer, e.g., the EORTC QLQ C30 scale (10, 11) , and instruments specific to the disease, which incorporate the specific features of a given type of tumor, e.g., the EORTC CR29 (12) and EORTC STO 22 (13) , which respectively measure quality of life in patients with gastric and colorectal cancer. These instruments include a multidimensional scheme, where symptoms, functional capacity, social role, and the emotional component are evaluated as distinct domains. However, the ability of these domains to comprehensively reflect the structure of the concept has been questioned. For instance, one study reported that the aspect that had the greatest impact on quality of life in a group of patients was the availability of parking spots when they came to a medical appointment (14) . Moreover, some authors have suggested that community aspects should be given more weight when measuring quality of life (15) ; others consider that religiosity and spirituality are the central components of the concept (16) . In addition, other studies have shown that access to healthcare systems can be a key factor in determining quality of life related to health (17) .
These previous investigations raised the question of whether the available instruments and scales assessing quality of life measured what researchers, professionals, or society consider quality of life for an individual with a disease or what patients consider most important (18) , which may not always coincide.
METHODS
According to previous publications, quality of life generally depends on clinical status, such that quality of life decreases with disease severity (19, 20) . We therefore conducted this study with the goal of establishing whether clinical status is linked to differences in quality of life in patients with colorectal or stomach cancer and to what extent certain items on the commonly used EORTC QLQ C30 scale can serve to distinguish levels of quality of life related to health. We selected patients with gastrointestinal cancer because it is one of the most common malignant pathologies in the world. According to data from Globocan (2008), gastric cancer was the second most common cancer affecting men worldwide and ranked first in terms of deaths; among women, gastric cancer ranked third in terms of both frequency and mortality (21) . In , gastric cancer is the leading cause of death from cancer, and colorectal cancer is the fifth leading cause (22) . These two types of cancer were selected not only because of the frequency of the pathologies in but also because the location of the tumor might explain some of the potential differences in quality of life scores. Analyses linking quality of life and clinical status should therefore incorporate this factor.
Participants
The EORTC QLQ C30 quality of life scale was applied to a total of 317 adult patients diagnosed with gastric or colorectal cancer and assessed in the Gastroenterology outpatient service of the National Oncology Institute of Bogotá between 2010 and 2011. These patients were selected consecutively as a non-probabilistic sample in a prospective recruitment process according to the defined eligibility criteria: elderly patients with a confirmed diagnosis of gastric or colorectal cancer, with complete and available staging information, who had not yet started treatment, who were able to read and write, and who were willing to participate in the study. A research assistant trained in the use and processing of the instrument advised each patient until completion.
Instrument
The EORTC QLQ C30 questionnaire is a tool used to measure quality of life that consists of 30 items rated on a 1 to 4 scale (two questions are rated between 1 and 7). The items comprise 15 domains, many of which address physical symptoms: general health status, physical functioning, functional role, emotional functioning, cognitive functioning, social functioning, fatigue, nausea/vomiting, pain, dyspnea, insomnia, lack of appetite, constipation, diarrhea, and financial problems. This instrument has been translated and transculturally adapted for use in (23) . A sample can be downloaded at the following URL: http://groups.eortc.be/qol/eortc-qlq-c30, and versions in various Spanish dialects can be requested.
Statistical analysis
Regarding the initial description of the variables, we used means and standard deviations (SD) for continuous variables and frequencies and percentages for categorical variables. Comparisons were performed for the different cancer types using variables such as sex, age, education level, and clinical status. Student's t-test, c 2 test, or Fisher's exact test were used depending on the nature of the variables or the structure of the contingency tables. The scores for each domain of the scale were compared across clinical stages, adjusting the comparison according to the location of the tumor (stomach or colon/rectum), sex, and education level. For these comparisons, we used multiple regression models, where the dependent variable was the score of the scale in the respective domain, and the independent variables were clinical stage, tumor location, sex, and education level. For the regression model, clinical status was divided into four levels and used as an indicative variable, taking stage I as the reference. Education level was also used as an indicative variable under the following levels: none, primary, secondary, and college (the latter was used as the reference category). To test the hypotheses presented in the analysis, we used a 5% significance level, and the analyses were conducted using the Stata 12® program. To identify the items most likely to detect potential differences, an analysis of differential item functioning (DIF) was conducted based on a Rasch model; according to this model, the probability of a response to the items on the questionnaire should be higher among patients who exhibit a higher level of the attribute (quality of life in this case), regardless of the subgroup to which they belong. Thus, all patients with a high quality of life should be more likely to have high scores for the various items, regardless of the location of the cancer. Similarly, assuming that patients at advanced stages have a worse quality of life, differential functioning should be found when the data are stratified by clinical status. To conduct this analysis, a staging series that grouped patients into two categories (I to IIA vs. IIB to IV) was generated. Biases were detected in items by calculations and graphical analysis of the t-statistic (24, 25) . The role of each item was compared with the structure of the sample using a person-items map. The analyses related to the Rasch models were conducted with Winsteps® software.
This paper presents the results of two projects on validation of quality of life scales that were approved by the Committee of Ethics of the National Institute of Oncology.
RESULTS
A total of 317 patients with colorectal or gastric cancer were evaluated, 145 of whom (45.7%) were diagnosed with colorectal cancer. The mea age was 58.2 years (SD = 12.7 years) for the colorectal cancer patient group and 60 years (SD = 14.6 years) for the gastric cancer group (p > 0.05). The group of colorectal cancer patients included 67 women (46.2%), whereas the gastric cancer group contained 76 women (44.2%) (p > 0.05). Regarding education levels, the proportion of patients with a high level of schooling was significantly greater in the group with colorectal cancer than in the group with gastric cancer (Fisher's exact test, p < 0.001) ( Table I) . No significant difference in clinical status was noted according to the location of the cancer (Table II) .
The scores obtained in each domain of the scale, organized according to tumor location and clinical status, are presented in table III. In general, the colorectal cancer patients reported a better quality of life, showing higher scores in the evaluation of performance and lower scores for symptoms. After controlling for sex, education level, and tumor location, the regression models indicated that clinical status influenced quality of life scores only for the physical and social functioning and lack of appetite domains (Tables IV and V) . Proceeding from clinical stage I to IV reduced the physical performance score by 10.5 units (t = -2.45, p = 0.015; 95% confidence interval: -2.1 to -18.9) and the social performance score by 12.6 units (t = -2.38, p = 0.018; 95% CI: -2.2 to -23.0) but increased the lack of appetite score by 13.7 units (t = 2.39; p = 0.018; 95% CI: 2.4 to 24.9). The multiple regression models also showed that tumor location accounted for some of the differences in quality of life scores on the following domains: overall quality of life, physical performance, the functional role, emotional function, cognitive function, fatigue, nausea/vomiting, pain, lack of appetite, and diarrhea. In the multivariate models, sex significantly explained the variability in quality of life scores in the following domains: physical performance, emotional function, cognitive function, fatigue, nausea/vomiting, pain, and lack of appetite, with higher scores observed among women.
The DIF analysis, conducted by stratifying patients into only two clinical status categories (I to IIA vs. IIB to IV), showed that 66.2% (n = 96) of the patients with colorectal cancer and 58.1% of the patients with gastric cancer were at the more advanced stage of the disease (p > 0.05). The graphical analysis showed that, when applying a t-value criterion greater than |2| t, none of the items exhibited DIF when the data were stratified into two clinical categories (25) . This finding suggests that for any of the staging groups, patients with high levels of quality of life tended to have higher scores on the scale.
In the DIF analysis that used tumor location as the staging criterion, more than one-third of the items on the scale (11 in total) exhibited differential functioning between the two cancer types: q10: Did you need to stop to rest?, q12: Have you felt weak?, q14: Have you felt nauseated?, q15: Have you vomited?, q18: Were you tired?, q20: Have you had difficulty in concentrating on things?, q21: Did you feel tense?, q23: Did you feel irritable?, q27: Has your physical condition interfered with your social activities?, q29: How would you rate your overall health during the past week?, and q30: How would you rate your overall quality of life during the past week? (Fig. 1) . This finding suggests how these items might discriminate among the various intensities of the attribute (quality of life) between the two groups.
Regarding the persons-items mapping (Fig. 2) , this sample exhibited a lower intensity for the attribute than the mean detected by the scale (i.e., the map shows that the mean for "persons" is lower than the mean for 'items'). Two items (q29: How would you rate your overall health during the past week? and q30: How would you rate your overall quality of life during the past week?) were stronger markers of the attribute (i.e., only those patients with very good quality of life reported high scores for these items).
In contrast, one item (q5: Do you need help with eating, dressing, washing yourself or using the toilet?) was rated similarly among patients with good and bad quality of life.
DISCUSSION
This study compared quality of life scores in a group of patients with gastrointestinal cancer who were classified according to their clinical status. Among the 15 domains assessed by the quality of life scale used for the analysis, significant differences were only found in domains addressing physical and emotional functioning as well as only one symptom (lack of appetite). The use of analysis methods based on item response theory is justified by the fact that properties such as unidimensionality and invariance of these models allow for determining differential item functioning (DIF) in distinct subgroups (26) . This feature allows researchers to establish whether observed differences correspond to the properties of the measuring instrument or to the characteristics of the patients. An item presents DIF when two comparable groups of subjects, i.e., groups that have the same level of the attribute measured by the test, report different scores for the item in question. If the presence of DIF is confirmed, it is possible to conclude that either differing intensities of the attribute exist among the groups or the items behave differently in distinct groups after controlling for general differences among the subgroups in the concept being measured (27) . DIF thus makes it possible to determine whether the items on the quality of life scale behave in the same way in different patient subgroups; i.e., we would not expect different scores among patient subgroups who share the same level of quality of life. This methodology also allows for the identification of items that more adequately measure high levels of the attribute (26) . In the present study, we hypothesized that quality of life levels varied according to clinical status, not tumor location.
It was first verified that the items of the questionnaire were not functioning poorly (i.e., there was no DIF according to clinical status), and the results suggested that the majority of the domains assessed by the scale were not strongly influenced by clinical status. It should be noted that the quality of life in these patients was more heavily affected by limitations of physical functioning (ability to perform activities such as going shopping, talking a walk, or moving) or social functioning (involvement in social and family life) than by the presence of symptoms. Indeed, patients at an advanced stage may have symptoms that do not significantly affect their quality of life, as suggested in other studies in which patients who sought medical advice at a later stage blamed their digestive symptoms on age or unhealthy eating habits (28) . These results suggest that early diagnosis programs should have an educational dimension that encourages subjects to act earlier, when seemingly harmless symptoms arise. Another reason why we observed no differences in quality of life depending on clinical status could be related to mechanisms of psychological adaptation to the disease. However, the fact that the patients were all in the diagnostic phase of the process, independent of their clinical status, makes this interpretation of the results less convincing. The fact that only a few domains of the measuring instrument were different between groups raises the question of whether it is useful to generate global scores for these scales: if all the domains are grouped into a single score, the quality of the measures might be doubted because only some of the latent variables detect the attribute.
The results of this study also suggest that when assessing quality of life as an objective in intervention studies, the location of the tumor should be taken into account because in some cases, including gastric cancer, a measure with a greater effect could be expected. One of the clinical implications of these findings is that studies of gastric cancer patients should focus more heavily on the psychosocial, functional, and emotional aspects, regardless of clinical status, as the quality of life in these patients seems to be worse than in patients with colorectal cancer.
The fact that the best markers of quality of life In the study were items with a more general scope (q29: How would you rate your overall health during the past week? and q30: How would you rate your overall quality of life during the past week?) indicates the value of applying individualized methods instead of standardized instruments to measure quality of life (8, 29, 30) .
The difference in tumor location between socioeconomic groups (gastric cancer is more common in lower classes, whereas colorectal cancer is more common in upper classes) has been noted in previous studies conducted in Latin American populations (31) . Although average patient age was rather low in both groups evaluated in the present study, previous studies in Latin America have reported similar results, especially for gastric cancer (32) . Regarding the age of colorectal cancer patients, the potential for selection bias cannot be discounted, given that elderly patients could have been excluded for not complying with the reading and writing ability criterion.
The present study also found that women generally reported higher quality of life scores. This trend was also observed in previous studies, suggesting that men are less prone to accept and adapt to a cancer diagnosis (33) , whereas women may be more disposed to discuss or express their feelings about matters related to adapting and facing the disease (34) . However, this explanation might have a contradictory effect because of the greater ability of women to communicate and share personal information could also be expressed by higher scores on quality of life scales (35) . This finding suggests that in clinical practice, it may be necessary to more deeply explore aspects related to quality of life among men than among women.
The limits of the present study can be summarized as follows.
1. The time of evolution of the symptoms was not taken into account. This variable could have introduced a major bias in the results. 2. It is possible that the findings were influenced by variables related to the independence of measures between patients at different clinical stages; thus, a prospective study that tests the same patients at different stages of the disease could limit the sources of bias. 3. Although efforts were made to assess a conditionspecific instrument, differences between the various stages could be detected when disease-specific scales were used (EORTC QLQ STO 22 and EORTC QLQ CR29). We note that the previously mentioned limits should be taken into account when designing future studies on the quality of life of patients suffering from cancer. In conclusion, differences in quality of life that could be attributed to clinical status were only found in three domains (physical functioning, social functioning, and lack of appetite) of the EORTC QLQ C30. Most of the detected differences in quality of life were instead related to the location of the tumor (i.e., patients with colorectal cancer had a better quality of life than those with gastric cancer) and sex (women reported a better quality of life than men). The questionnaire items that best measured quality of life in these patients were those that explored the concept from a more general perspective, arguing for the use of individualized instruments instead of standardized scales.
